To evaluate the significance of close surgical margins in organsparing surgery (OSS) in the treatment of penile squamous cell carcinoma (pSCC) and clinicopathological factors that may influence local recurrence.
Patients and Methods
At our tertiary referral centre, between March 2001 and September 2012, 332 patients treated with OSS for pSCC had clear surgical margins. As the focus was the impact of close clear margins on local recurrence, patients with positive margins were excluded for the purpose of this study. Our overall positive margin rate for OSS in penile cancer is 7.6% (42 patients). Analysis was carried out on an on-going prospective database, including prospective accurate pathological recording of surgical margins. Patients underwent OSS after multidisciplinary team (MDT) discussion. Local recurrence was the primary outcome measured and Fisher's exact test and time-to-recurrence curves were used in the analysis. All local recurrences were scrutinised by the MDT and were categorised into: true recurrences or metachronous new occurrences (i.e. tumours arising from a background of penile intraepithelial neoplasia and forming on an epithelial surface not related to the site of initial resection). A multivariate analysis was also conducted to elucidate other factors influencing local recurrence.
Results
In all, 64% of the patients had a <5 mm clear deep surgical margin, with 16% clear by <1 mm. Overall, 4% of patients had a true local recurrence, with a median time to recurrence of 6 months. In all, 53% were due to embolic spread, with residual occult local disease accounting for 47%. There was a statistically significant relationship between cavernosal involvement (P = 0.014) and lymphovascular invasion (LVI; P = 0.001) and local recurrence. Although multivariate analysis revealed that the extent of clear margin was not a predictor of disease (P = 0.405), we found an increased risk of local recurrence in the clear margin cohort of <1 mm compared to those of >1 mm (P < 0.001). Those patients considered to have metachronous tumours were scrutinised by our MDT, and eight patients (2.4%) were found to have new occurrences. Our overall proportion of patients therefore needing further treatment for either new occurrences or recurrent disease after OSS stands at 6.4%.
Introduction
Penile squamous cell carcinoma (pSCC) remains a rare but significant uro-oncological condition with~620 new cases diagnosed in the UK each year. It accounts for 1% of all cancer deaths in males in the UK [1] . SCC is the predominant histological subtype (95%), with the glans penis and foreskin the most common anatomical location of the primary tumour [2] .
Historically a 2-cm proximal margin was perceived to be important in the surgical management of penile cancer. This resulted in surgery that was radical and at times morbid [3] . With centralisation of penile cancer services in the UK, the opportunity for more in depth research into this rare disease has grown, and with it we have seen the evolution and evaluation of organ-sparing surgery (OSS) in the management of penile cancer [2, 4] .
A study in 2005 by Minhas et al. [4] suggested that the recommended 2-cm margin was unnecessary and that a 5-mm clear margin may be sufficient in OSS. The same group later published a series with longer follow-up demonstrating that OSS was oncologically safe, with local recurrence rates of 8.9% and 5-year local recurrence-free rates of 86.3% [5] .
Further developments in surgical techniques, including glans resurfacing, and a better understanding of recurrence patterns have resulted in closer resection margins generally [6] [7] [8] . The aim of the present study was to review our experience of OSS and determine oncologically safe surgical margins and to assess patterns of local recurrence and local recurrence rates in this developing field.
Patients and Methods
Between March 2001, marking the beginning of our specialist service, and September 2012 (allowing for a minimum of 4-years follow-up) 332 patients were treated with OSS for histologically confirmed pSCC. Patients were selected for OSS after formal multidisciplinary team (MDT) discussion based on their preoperative staging, which comprises a combination of clinical, radiological, and histological information. Penile MRI is only used in selected patients. None of our patients received neoadjuvant or adjuvant treatment.
An on-going prospective database was used to record demographic, histopathological, and follow-up data. We used the eighth edition of the TNM staging system during analysis [9] .
OSS was defined as surgery with the dual aims of primary tumour excision and preservation of penile length, cosmesis, urinary and sexual function. Some of the techniques employed include radical circumcision, wide local excision, glans resurfacing, and glansectomy AE distal corporectomy. Partial-thickness skin-graft reconstruction was routinely used in superficial and distal tumours to improve cosmetic outcome and to optimise sexual function. Careful resection and presentation of the specimen is paramount in our practice, as it allows our dedicated group of histopathologists to reliably interpret true margins and surgical margins. We do not routinely use frozen sections. An example of preparation of a glans resurfacing specimen is shown in Fig. 1a , and a sagittal cross-section through a glansectomy specimen is shown in Fig. 1b .
The Consolidated Standards of Reporting Trials (CONSORT) diagram (Fig. 2) shows the study's inclusion and exclusion criteria. Of note, patients with positive margins were excluded for the purpose of this study. Our overall positive margin rate for OSS in penile cancer for both SCC and penile intraepithelial neoplasia (PeIN) is 7.6%. The focus of the study was to elucidate a safe clear surgical margin in OSS for penile cancer for local oncological control. As a result, we felt it logical to exclude positive surgical margins from this particular study. After treatment of the primary tumour, patients were managed in accordance with the supra-regional network guidelines for penile cancer, depending on their pathological nodal and distant metastatic status. Our patient cohorts are followed-up in a specialist-dedicated clinic for a minimum of 24 months, with selected patients continuing Local recurrence and patterns of local recurrence were the primary outcome measures of our study. We explored other clinicopathological factors in this select group of patients as a secondary outcome. Fisher's exact test and time-to-recurrence curves were used to analyse the impact of close margins on local recurrence, with the Statistical Package for the Social Sciences (SPSSâ) version 24.0 (SPSS Inc., IBM Corp., Armonk, NY, USA) used to perform analyses.
Results
A total of 332 patients fulfilled the study's inclusion criteria (Fig. 2) . The mean (SD) age at presentation to our tertiary referral centre was 63.5 (13.6) years. Figure 3 highlights the distribution of OSS at our centre over the study period, with glansectomy accounting for 45% of procedures. Table 1 shows that most of our patients underwent OSS for highgrade disease.
The median (range) distance from the deep margin was 3 (0.1-44) mm. Figure 4 shows the distribution of the clear margins within our cohort of patients. Patients were grouped into four cohorts, ≤1, 1 to ≤5, 5 to ≤10, and >10 mm. In all, 64% of patients had a margin that was clear by ≤5 mm, with 16% of patients having a very close but clear margin of ≤1 mm.
In all, 15 patients (4%) developed a local recurrence after OSS. The median (interquartile range) time to recurrence was 6 (7) months, with three patients recurring after 12 months, and only one patient recurring after 2 years. We discovered two potential modes of local recurrence when analysing our data. There were cases that arose due to residual occult disease at or very close to the site of surgical resection, and cases of embolic spread through lymphovascular and/or cavernosal route. Table 2 [9] provides an individual breakdown of key characteristics identified amongst the recurrence cohort. Table 3 shows the distribution of recurrences based upon the distance of clear margin. Using Fisher's exact test, no statistically significant difference was found between local recurrence and having a clear margin of <5 mm compared to a clear margin of >5 mm (Fig. 5 , P = 1.00). However, a close clear margin of <1 mm did show an increased risk of local recurrence (P < 0.001), with a 5.9 relative risk of developing a recurrence at <1 mm compared to >1 mm. Although the small number of recurrences was a limiting factor a multivariate analysis was attempted. Grade 3 disease (P = 0.013), cavernosal involvement (P = 0.014), T3 disease (P = 0.001), and lymphovascular invasion (LVI; P = 0.001) were identified as predictors for disease recurrence. The extent of clear margin was not identified as a predictor of disease recurrence (P = 0.405). All 15 cases of recurrence went on to have further surgery, with 14 patients being treated with curative intent (of which six patients had a radical penectomy and eight had further OSS/partial penectomy).
Discussion
In this large cohort of patients treated with OSS we demonstrate good local oncological control, with local recurrence rates of 4%, and no significant relationship identified between the extent of a clear surgical margin and local recurrence.
Over 80% of tumours are amenable to OSS techniques [5] . Over time we have seen reductions in the local recurrence rates after OSS. A large European two-centre study of 415 patients, spanning 50 years from 1956, showed local recurrence rates of 27.7%. In that study, the authors defined local recurrence as disease on the penis that manifested >3 months after surgery, with those manifesting within 3 months considered residual disease. This high rate may be explained by the fact that OSS encompassed radiotherapy (5.1%) and laser-ablation techniques (69.6%), with surgery only accounting for 25.1% of their caseload. However, they did find that local recurrence did not significantly impair survival with a 92% 5-year cancer-specific survival rate in their cohort [10] . More recently, Minhas et al. [4] looked at 51 surgically treated patients between 2000 and 2005, and showed a 4% local recurrence rate at a median follow-up of 26 months. The same group conducted a larger volume study looking at 179 patients undergoing OSS. They showed local recurrence rates of 8.9% at a mean of 26-months follow-up, with isolated local recurrence shown not to have a negative impact on cancer-specific survival -91.7% at 5 years [5] . Our present studies local recurrence rate of 4% is consistent with these more recent studies.
In the preparation of the present study it became apparent that the definition of local recurrence was not consistent within the literature. We chose to distinguish between residual disease present at the time of first surgical treatment from likely metachronous disease arising from the remaining genital epithelium at any later time point. We have seen evidence of new tumours forming on epithelial surfaces not related to the initial resection site; e.g. tumours of the foreskin re-presenting with tumours of the glans penis, often arising from/associated with areas of pre-cancerous PeIN. In OSS, there may be preservation of epithelium that has a predisposition to carcinogenesis, and this field change can give rise to such metachronous new tumours [3] . Those patients considered as having metachronous tumours were scrutinised by our MDT, and eight patients (2.4%) were found to have new occurrences arising from a background of PeIN and forming on an epithelial surface not related to the site of initial resection. The overall proportion of patients therefore needing further treatment for either new occurrences or recurrent disease after OSS stands at 6.4%.
Of the 15 patients that did fit our definition of recurrence, we found that occult disease could recur through two possible mechanisms. Firstly, not only could recurrence be at the site of previous surgery but also through embolic spread, typically within the cavernosa of the penis some distance from the primary site with the presence of either LVI or cavernosal involvement strongly suggesting the latter. Only 2% of patients had a local recurrence via the embolic route. However, when looking at the proportion of patients with cavernosal involvement (31 patients), the proportion of local recurrences is much higher (26%) and all of these recurrences on case review displayed an embolic pattern of recurrence. Whilst not unique to our practice, this is an observation that has not been reported in papers addressing local recurrence.
In our present study, 80% of local recurrences developed within the first 12 months of surgery and is comparable to other studies in this regard [5] . Local recurrence after the first year is rare, and we saw no local recurrences between years 2 and 5 of follow-up. The median (range) tumour distance from the excision margin was 3 (0.1-44) mm, with 64% of patients having a clear deep margin by ≤5 mm and 16% of patients having a margin that was clear by ≤1 mm. Studies have shown that margins of <20 mm do not necessarily compromise local oncological control. Minhas et al. [4] reported 4% local recurrence, with 90% of their margins clear by <20 mm and 48% clear by <10 mm. However, the study did not look at close margins as a predictor of local recurrence. Philippou et al. [5] similarly reported mean (SD; range) clear margins of 4.50 (5.30, 0-32) mm, with local Table 2 Characteristics amongst the local recurrence cohort. TNM Staging System, eighth edition, used [9] . Cavernosal involvement is staged at T3 irrespective of urethral involvement.
Index operation recurrence rates of 8.9%. Clear margins of <5 mm were not identified as a predictor of local recurrence (P = 0.269). The low numbers of recurrences in these studies has limited the application of multivariate analysis models, something we have found to be applicable to our cohort also.
Whilst studies in the past have focused on margins in the context of survival, our present study was designed specifically to quantify a safe clear margin in OSS. We have shown that there is no statistically significant difference between developing local recurrences with clear margins of ≤5 mm compared to >5 mm (P = 1.00). However, a margin of ≤1 mm did show an increased risk of developing a local recurrence compared to margins that were clear by >1 mm (P < 0.001). At distances of ≤1 mm pathological interpretation of the specimen may be more difficult.
The role of frozen section and its value in the interpretation of close margins remains uncertain. We do not routinely use frozen section in our practice, as we are typically working along clinically assessable tissue planes that allow a judgement about whether there is tumour involving them. Frozen sections are reserved for cases where we have not previously obtained pathological confirmation of primary tumour, revision surgery, to assess urethral margins or to clarify unexpected intraoperative findings. It remains to be seen whether the 2% of patients with residual local (non-embolic) disease could have been identified with frozen sections and therefore reduced the recurrence rate further. However, it is unlikely that the 2% of patients with embolic spread would have been identified by frozen section.
We considered the findings of our surgical margins with those of other SCC tumour resection guidelines. The British Association of Dermatologists have robust guidance in place regarding excision margins, with a 4-mm clear margin recommended for low risk SCCs (well-defined tumours <2 cm in size) and a 6-mm clear margin in high-risk SCCs (size >2 cm, high grade or those present on sun-exposed sites) [11] . Our present data suggests local oncological control is not compromised by close excision margins, and this is a feature in which pSCC appears to behave differently from other cutaneous SCCs. This is despite pSCC tending towards higher grade and more infiltrative subtypes [12] . We postulate that the complex layered anatomy of the penis, acting as a natural barrier to local spread and recurrence, may account for the difference in behaviour between pSCC and other skin SCCs. In addition to the layers of the skin, the corpora are confined in tough fibrous tunica, which needs to be breached to facilitate further local spread. We feel that this acts as a significant barrier to both local progression and recurrence, and may therefore account for more favourable local oncological outcome despite the presence of close clear margins.
The presence of LVI is a known prognostic factor in penile cancer, and has been shown to be an independent predictor of lymph node metastasis in penile cancer [13] . Da Costa et al. [13] reported a statistically significant correlation between LVI and distant metastases, proposing the potential of LVI as a predictor of haematogenous spread. In our present series, LVI was associated with local recurrence (P = 0.001), highlighting its potential as a predictor of local embolic recurrence [14] . As with LVI, we found an association between cavernosal involvement and local recurrence (P = 0.014). The significance of cavernosal involvement in pSCC is recognised in the latest TNM staging system, with a T3 stage given irrespective of urethral involvement [9] .
The focus of our present study has remained on the local consequences of close clear surgical margins. At 2 years, compliant node-negative patients are discharged from routine surveillance and are advised to self-examine with an open appointment to re-present in the event of developing a local recurrence. Having shown that the extent of clear margin is not a predictor for local recurrence, our present series supports the continued evolution of OSS towards closer clear resection margins. It has been established that local recurrence after OSS does not impair cancer-specific survival, with 92% survival at 5 years [5, 10] . Local recurrences in our present cohort were low (4%), amenable to further surgical treatment, and not associated with any adverse outcome, which is in accordance with other studies [4, 5, 10] . As far as our own practice is concerned, we would urge patients with a < 1-mm clear margin to be more cautious and diligent in their self-examination in between formal outpatient surveillance. There are also selected cases with cavernosal involvement where we may consider MRI in addition to examination in local surveillance.
Conclusion
Studies demonstrating oncological safety despite reducing the extent of clear surgical margins have been integral in the evolution of penile OSS. Local recurrence rates of 5% are seen after more radical surgery for pSCC; we have demonstrated comparable local recurrence rates using penile OSS. We have shown that local recurrence due to contiguous residual disease in margin clear penile OSS is very low (2%). Tumour embolism is as likely to occur, and is an observation that has not been reported in the literature addressing local recurrence. We conclude that a deep clear margin of ≥1 mm is sufficient for OSS in the absence of LVI and/or cavernosal involvement.
